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EXECUTIVE SUMMARY

In 2001, the National Marine Fisheries Service (NMFS) received a petition requesting
Endangered Species Act (ESA) listing of North American green sturgeon (Aci penser
medirostris) as athreatened or endangered species. In response to this petition, NMFS
announced that it would initiate an ESA satusreview. The ESA dlowsthelisting of ADidtinct
Population Segments) (DPSs) of vertebrates as well as named species and subspecies. The
combined U. S. Fish and Wildlife Service and NMFS policy on recognition of DPSs outlines two
tests to identify separate units: discreteness and significance. A DPS may be considered discrete
if itis markedly separate from other populations of the same taxon as a consequence of physicd,
physiologica, ecologicd, or behaviord factorsor if it is deimited by internationd governmenta
boundaries. The significance of the population will be decided on the basis of consderations
including, but not limited to its persstence, evidence that loss of the DPSwould result in a
sgnificant gap in spatid ructure, evidence of the DPS representing the only surviving natura
occurrence of ataxon, or evidence that the DPS differs markedly in its genetic characteritics.
Once a DPS has been identified, arisk assessment is performed to determine whether alisting is
warranted for that unit.

Green sturgeon have a complex anadromous life history. They spend more time in the
ocean than any other sturgeon. The mgority of green sturgeon are thought to spawn in the
Klamath River, but spawning adso occurs in the Sacramento and Roguerivers. Firgt spawning
occurs & 15 yearsfor males and 17 years for females. Female green sturgeon are thought to
gpawn only every 5 years. Adults migrate into rivers to spawn from April to July with aMay to
June peak. EQgs are spawned among rocky bottom substrates and juveniles spend 1 to 4 yearsin
freshwater. After green sturgeon enter the ocean, they appear to make northern migrations
indicated from very limited tag information. Green sturgeon concentrate in coasta estuaries,
particularly the Columbia River estuary and coastal Washington estuaries during the late
summer and early fdl. Thereisno evidence that these summer concentrations are associated
with either feeding or spawning nor there is any information about how much of the population
isin these concentrations each year or whether thisvaries. Most of the green sturgeon harvest
occurs on these concentrations.

Two green sturgeon DPSs were identified based on the fact that sturgeon generdly show
fiddlity to their pawning Site o they have agenerd pattern of multiple DPSs, and on the
preliminary genetic evidence tha indicates differences at least between the Klamath River and
San Pablo Bay samples. The northern DPS would include dl green sturgeon populations starting
with the Edl River and extending northward. The southern DPS would include al green
sturgeon populations south of the Edl River with the only known population being in the
Sacramento River. The Edl River boundary between the two DPSs is based on geography and
may be modified as more information becomes available. The Biologica Review Team (BRT)
recognizes that there may be additiona DPS structure that is not apparent with the present leve
of information.



Northern Green Sturgeon Digtinct Population Segment

A mgority of the BRT concluded that there is not sufficient information showing that
green sturgeon in this DPS are in danger of extinction or would be likely to become so inthe
foreseeable future, while aminority of the BRT concluded that green surgeon in thisDPS are
not currently in danger of extinction but are likely to become so in the foreseesble future.
However, the BRT concluded that green sturgeon in this DPS faced considerable threets to their
populations and should be placed on the Candidates list and have their satus reviewed within
fiveyears.

Green sturgeon in this DPS did not have declining populations trends, but did face alarge
number of potentid threatsto their populations. Klamath River Yurok Tribal green sturgeon
catch and catch-per-unit-effort (CPUE) were the best available data set since they were based on
gpawning fish and not fish involved in summer concentrations. Catch and CPUE data both had a
non-negative dope, but neither trend was significant. The catch length data did not indicate that
large fish were decreasing within the population, but sample szes were very smal. Potentia
threats to green sturgeon in this DPS included vulnerability of concentrations of spawning fish to
harvest and other potentid threats such as lack of population data, and loss of spawning habitat.
Most of the green sturgeon population appears to spawn in the Klamath River and the lack of
any population trend information beyond catch raises concerns about their status. The BRT was
extremely concerned about the unknown harvest impacts on a mixture of populations or DPSs
(i.e, harvest of summer concentrations in coastal rivers and estuaries). Because these coastal
concentrations likely represent amix of fish originating in different river systems it isaso not
feasble to assess population trends. Green sturgeon in this DPS have lost spawning habitat in
the South Fork Trinity River, E€ River, and perhaps e sewhere.

Southern Green Sturgeon Digtinct Population Segment

A mgority of the BRT concluded that there is not sufficient information that shows green
sturgeon in this DPS are in danger of extinction or would be likely to become so in the
foreseegble future. A minority of the BRT concluded that green sturgeon in this DPS are not in
danger of extinction but are likely to become so in the foreseegble future. However, the BRT
unanimoudy had a higher level of concern about green sturgeon in this DPS than in the northern
one. The BRT concluded that green sturgeon in this DPS should aso be placed on the
Candidates ligt and their status reviewed within five years.

The southern green sturgeon DPS population trend information is even less definitive and
the populations face an even larger number of potentid threats. The San Pablo Bay population
estimates had a non-negative trend, but were less persuasive due to being based on summer
concentrations and issues with tag recovery effort used in white sturgeon estimation. In addition
to the sizegble threats faced in the northern DPS, green sturgeon populations in the southern DPS
face samdler population size, potentidly growth-limiting or lethal temperatures, entrainment by
water projects, and influence of toxic material and exotic species. Population sSzes are unknown
in this DPS, but are dlearly much smdler than in the northern one and therefore more susceptible
to catagtrophic events. This makes the lack of population trend information an even greater risk



factor here. Larvd green sturgeon have been shown to have growth-limiting or lethd
temperature tolerances near summer temperatures that can occur in the Sacramento River.
Temperature control efforts for winter-run chinook in the last ten years have probably been very
beneficid here. Spawning habitat may have been logt behind dams and water diversons
throughout the Central Valey. Green sturgeon in this DPS aso face entrainment in pumps
associated with the Cdifornia Water Project. The entrainment numbers have decreased
dramaticaly since 1985. The reasons for this decrease are unknown. There are significant
concerns for winter-run chinook from pesticides and introduced species, and green sturgeon in
this DPS are probably subject to smilar risks.
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INTRODUCTION

The North American green sturgeon, Acipenser medirostris, isthe most widdy
digtributed member of the sturgeon family Acipenseridae. Like dl sturgeons, green Surgeon are
anadromous, but are also the most marine oriented of the sturgeons. The only known green
sturgeon spawning locations are the Klamath, Sacramento, and Rogue rivers dong the west coast
of North America; however they are known to range in nearshore waters from Mexico to the
Bering Sea and are commonly observed in bays and estuaries with particularly large
concentrations entering the Columbia River EStuary, Willapa Bay, and Grays Harbor during the
late summer (Moyle et d. 1992). The reasons for these concentrations are unclear, but are
probably not due to spawning or feeding.

Sturgeonsin generd have alife hitory that is susceptible to overharvesting and a
number of species have some kind of protection or status. Green sturgeon has a status
designation of Specia Concern in Canada (Houston 1988) because it has characteristics that
make it particularly sengitive to human activities or natural events. Sakhdin sturgeon, A.
mikadoi, a speciesthat was a one time synonymized with green sturgeon, is extirpated
throughout Japan, Korea, and China. In Russa, Sakhdin sturgeon only occursin the Tumnin
River where there isa hatchery. Inthe United States, there are five sturgeon listed under the
Endangered Species Act (ESA): Shortnose Sturgeon, A. brevirostrum, Endangered USFWS 1967
(32 FR 4001); Pdlid Sturgeon, Scaphirhynchus albus, Endangered USFWS 1990 (55 FR 36641
36647); Gulf Sturgeon, A. oxyrinchus, Threatened USFWS and NOAA 1991 (56FR 49653
49658); White Sturgeon, Kootenai River Population, A. transmontanus, Endangered USFWS
1994a (9 FR 45989 46002); and Alabama Sturgeon, S. suttkusi, Endangered USFWS 2000 (65
FR 26437 26461).

Scope and Intent of the Present Document

This document is the status review in response to a petition to list green sturgeon under
the Endangered Species Act (EPIC et a. 2001). Green sturgeon is a species that is not abundant
with little informeation on its historical abundance, divergity and population status. In addition,
like other sturgeon species, it is faced with threats from harvest, habitat loss or degradation, and
entrainment. Further, the life history strategy of green sturgeon makes it vulnerable to depletion
and dow to recover from that state. Therefore, the Nationa Marine Fisheries Service (NMFS)
decided that the petition had sufficient merit for consideration and that a status review was
warranted.

Because the ESA dipulates that listing determinations should be made on the basis of the
best scientific and commercia information available, NMFS formed ateam of scientists with
diverse backgrounds in sturgeon and conservation biology to conduct this satus review. This
Biological Review Team (BRT) discussed and evaluated scientific information contained in an
extensive public record developed for green sturgeon. This document reports conclusons
reached by the BRT for green sturgeon lising. These conclusions are subject to revison should
important new information arise in the future.



Key Questionsin ESA Evauations

In determining whether alisting under the ESA is warranted, two key questions must be
addressed:

1) Istheentity in question a"species’ as defined by the ESA?
2) If s0, isthe"species’ threatened or endangered?

These two questions are addressed in separate sections of thisreport. If it is determined that a
listing is warranted, then NMFS s required by law (1973 ESA Sec. 4(a)(1)) to identify one or
more of the following factors responsible for the species threatened or endangered status. 1)
destruction or modification of habitat; 2) overutilization by humans; 3) disease or predation; 4)
inadeguacy of existing regulatory mechanisms, or 5) other natura or human factors.

The " Species’ Question

Asamended in 1978, the ESA dlows listing of "digtinct population ssgments” of
vertebrates as well as named species and subspecies. After determining whether the listing
identifies a gpecies, the next issue is whether there are Adigtinct population segmentsi (DPSs)
within the species. However, the ESA provides no specific guidance for determining what
condtitutes a distinct population, and the resulting ambiguity has led to the use of avariety of
approaches for evaluating thisissue in vertebrate populations. Thisled the United States Fish
and Wildlife Service (USFWS) and NMFS to publish Policy Regarding the Recognition of
Didtinct Vertebrate Population Segments Under the Endangered Species Act (USFWS and
NOAA 1996). The policy identifies two elementsin a decison regarding whether it is
gppropriate to identify separate DPSs: discreteness and significance of the population segment to
the species. A DPS may be consdered discreteif it is markedly separate from other populations
of the same taxon as a consequence of physicd, physiological, ecologicd, or behaviord factors
or if it isddimited by internationa governmenta boundaries. If a population segment is
consdered discrete, its biologica and ecologica significance will be consdered on the basis of
congderations including, but not limited to its perastence, evidence that loss of the DPS would
result in asignificant gep in gpatid sructure, evidence of the DPS representing the only
surviving natura occurrence of ataxon, or evidence that the DPS differs markedly in its genetic
characterigtics. If it is deemed appropriate to identify separate DPSs, the status of each DPS
should be considered separately in relation to the Sandards for ESA. These issues have been
dedlt with extensvely for Pacific sdmon. For amore detailed discussion of thistopic, see
Waples (1991).

The"Extinction Risk" Question

The ESA (section 3) defines the term "endangered species’ as"any specieswhichisin
danger of extinction throughout dl or a Sgnificant portion of itsrange.” The term "threatened
gpecies' isdefined as "any specieswhich islikely to become an endangered species within the
foreseeable future throughout al or a significant portion of itsrange” NMFS consders avariety
of information in evauating the leve of risk faced by aDPS. Important congderationsinclude
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1) absolute numbers of fish and their spatia and tempord digtribution; 2) current abundancein
relaion to historica abundance and carrying capacity of the habitat; 3) any spatia and tempora
trends in abundance; 4) naturd and human-influenced factors that cause variability in surviva

and abundance; 5) possible threats to genetic integrity (e.g., atificia rearing); and 6) recent
events (e.g., adrought or a change in management) that have predictable short-term
consequences for abundance of the species. Additiond risk factors, such as disease prevaence or
changesin life higtory traits, may aso be considered in evauating risk to populations.

According to the ESA, the determination of whether a speciesis threastened or
endangered should be made on the basis of the best scientific and commercid information
available regarding its current status after taking into consideration conservation measures that
are proposed or arein place. In thisreview, we do not evauate likely or possble effects of
conservation measures. Therefore, we do not make recommendations as to whether the species
or identified DPS should be listed as threatened or endangered. Rather, we have drawn
scientific conclusions about the risk of extinction faced by identified DPSs under the assumption
that present conditions will continue (recognizing, of course, that naturd demographic and
environmenta variability is an inherent feature of "present conditions’). Conservation measures
will be taken into account by the NMFS Northwest and Southwest Regiond Offices in making
listing recommendations.

Summary of the Green Sturgeon Ligting Petition

The petition to list North American green sturgeon (Acipenser medirostris) as an
endangered or threatened species under the Endangered Species Act wasfiled by the
Environmenta Protection Information Center, the Center for Biologica Diverdty, and
Waterkeepers Northern Californiain June of 2001. The petition (EPIC et d. 2001) stressesa
recent American Fisheries Society assessment (Musick et a. 2000) that concluded that green
sturgeon has suffered an 88% decline in mogt of itsrange. The petition dso notes that the only
formd review (Moyle et d. 1992) recommends that green sturgeon should be formdly lised asa
threatened species. The petition then goes on to propose that green sturgeon should be listed on
al the five ESA factors listed except possibly disease and predation.

1. Present or threatened destruction, modification, or curtailment of its habitat or range.
“Twice as many green sturgeon spawning populations have been extirpated in the last
century as are know to currently remain. Spawning runs have disappeared from the San
Joaquin river, Ed, and South Fork Trinity, probably the Umpqua river, and possble the
Fraser River aswell.” In addition, the petition lists logging practices, land use practices,
rallroad congtruction, and building and operating dams, particularly in the Central Vdley,
as factors which have destroyed green sturgeon habitat.

2. Overtilization for commercid, recreationa, scientific, or educational purposes.
“Exploitation of green sturgeon in various commercid, sport, triba, and illegd fisheries
appear to be excessive for many years. ... Of particular concern are the Columbia River,
Willapa Bay, and Grays Harbor fisheries, as no spawning adults have been documented
in the region and the average size of green sturgeon caught there has been declining
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seadily (USFWS 1995).” The petition goes on to mention that there is no coast-wide
monitoring of green sturgeon, that there were large catches in the 1980's, and thet the life
history of sturgeonsis prone to collgpse from overfishing.

3. Disease and Predation.
“Disease and predation are currently not known to be mgor factors in the decline of

green sturgeon.”

4. Inadequecy of Existing Regulatory Mechanisms.
“The green sturgeon currently has no federa status or protections as a protected species.
... Various sze limit regtrictions on the commercia and sport harvest of sturgeon have
been implemented in Cdifornia, Oregon, and Washington in response to over-harvest or
“mining” of large mature fish of breeding age. These regulations have been amed
mostly a white sturgeon, but also gpply to green sturgeon. However, they are less
protective of green sturgeon, since the largest green sturgeon of breeding age tend to il
fdl within the maximum size limit.” The petition points out thet the maximum
commercid szelimit islarger for green sturgeon than for white in Oregon and that there
is no active fishery management for green sturgeon in Cdifornia The petition mentions
that the USFWS has set an overal retoration criterion for green sturgeon in the Central
Vdley of 1,000 fish over 1 min length. It isunclear what the logic of this criterion was,
or how well metitis.

5. Other Natural or Anthropogenic Factors.
a Entranment.
“Juvenile green sturgeon and an occasiond adult sturgeon are entrained on an
irregular basis at both the state and federal water export facilities”

b. Toxic Substances.
“The effects of toxic substances from heavy metas to pesticides on green

sturgeon are unknown.”
GREEN STURGEON LIFE HISTORY AND ECOLOGY
Didribution
This summary of information isfrom Moyle et d. 1992, EPIC et d. 2001, and Cdifornia

Department of Fish and Game (CDFG) 2002 except where otherwise noted.

Southern Cdifornia

Green sturgeon occur occasiondly in Southern Cdiforniawaters only as sngle smal
fish. Green sturgeon become more common north of Point Conception, but are ill rare.



Sacramento-San Joaguin River

San Francisco Bay and its associated river systems contain the southern-most
reproductive green sturgeon population. The species was first described from here by Ayres
(1854). White sturgeon (A. transmontanus) supports alarge fishery here, particularly in San
Pablo Bay, which has been extensively studied by CDFG since the 1940s. While green sturgeon
are not common, they are taken in awhite sturgeon trammel net monitoring program most years
in numbers ranging from 5 to 110. An abundance estimate is produced by CDFG from white
sturgeon monitoring which will be discussed in later sections. Green sturgeon juveniles are
found throughout the Delta and San Francisco Bay, mostly in small numbers but sometimes as
many as one hundred as indicated by fish taken in tramme net sampling, small boat trawls,
presence in striped bass sampling, and entrainment by water export facilities.

Green sturgeon adults and juveniles occur throughout the upper Sacramento River, based
upon observations incidenta to winter-run chinook monitoring at the Red Bluff Diverson Dam
(RBDD), Tehama County. Green sturgeon reportedly spawn in the Fegther River, but this has
not been substantiated. Green sturgeon spawning occurs predominately in the upper Sacramento
River. Juvenile sturgeon are taken annudly at trapping operations a the RBDD (1995-2001)
and the Glenn-Colusa Irrigation Didtrict (GCID) pumping plant (1986-2001). We assume that
dl larval and juvenile sturgeon caught at these locations are green sturgeon because 136
juveniles collected there and grown to identifiable Size were dl this species.

Thereis no documentation of green sturgeon spawning in the San Joaguin River, but
there probably was spawning before congtruction of large-scae hydropower and irrigation
development. White sturgeon persst in the San Joaquin River a population levels of ten percent
of Sacramento River population levels. 'Y oung green sturgeon have been taken occasiondly in
the Santa Clara Shoa areain the San Joaquin delta, but these fish may have originated
somewhere ese.

Coadd Cdifornia

Green sturgeon aso occur in the coastal waters of the Pacific Ocean off Cdifornia
Small numbers have been taken in both Tomales Bay and Bodega Bay, and a single fish has been
taken from the Noyo River. They are regularly taken in smal numbersin Humboldt Bay, fifty
were tagged by a CDFG tagging program in Arcata Bay in 1956; none were recovered. In 1992-
1993, Humboldt State University aso tagged 69 fish in Arcata Bay; one was recovered from
within the bay within afew days, and one was recovered from the Klamath River Y urok Triba
fishery. Green sturgeon are dso caught in coastd waters and in estuaries from Arcata Bay to the
Oregon border.

Ed River

Both adult and juvenile green sturgeon have been observed in the Edl River. Seven adult
green sturgeon were observed during snorkel surveys between 1995 and 1997 between rkm 100
and 160. Approximately 40 juvenile green sturgeon were taken in trapping operations on the
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maingtem between Rio Dell (rkm 20) and Dos Rios (rkm 191) from 1967 to 1970. These
sturgeon were between 70 and 140 mm, and we consider the presence of juveniles smdler than
100 mm as evidence of spawning. In addition, two juvenile green sturgeon (282 and 510 mm
FL) were collected from the upper E€l River estuary in July and October 1994,

Klamath-Trinity River

The largest known spawning population of green sturgeon occurs in the Klamath River.
Adults are captured in the sdlmon Tribd gill net fishery (see Harvest) on the Y urok and Hoopa
reservation and occur up to the naturd barrier at Ishi Pishi Fals (107 rkm). Juvenile green
sturgeon are captured each year in rotary-screw traps at Big Bar (rkm 80). Two juveniles
(assumed to be green sturgeon) were visualy observed in the lower 10 km of the Salmon River,
atributary to the Klamath River, during October 1996. Green sturgeon sized 12-46 cm were
taken with beach seinesin the upper Klamath estuary from August to early October 1984-1990.

Adults occur in the Trinity River to Gray=s Falls (rkm 69), but there is no evidence to
confirm spawning upstream of Willow Creek trap (rkm 40). Moyle et d. (1992) reports no
evidence of pawning in the South Fork of the Trinity River.

Rogue River

The Rogue River was recently confirmed as athird spawning area for green sturgeon
(Erickson et d. 2001, Rien et d. 2001). Adult fish entering the estuary were caught in gill-nets
and radio-tagged. Extended holding sites were identified which have been associated with
gpawning in other species of sturgeon. Juvenile fish are taken during beach seining for coho
sdmon in the estuary (Rien et d. 2001).

Umpqgua River/Winchester Bay

Green sturgeon were more commonly caught in the Umpqua River gill net fisheries than
whites prior to 1948 (EPIC et d. 2001). Green sturgeon adults are commonly taken in
Winchester Bay; eg., in 18 one-hour gill-net sets, 205 green sturgeon were caught (Nelll et d.
2000). Juvenile green sturgeon are reported from Winchester Bay (King 1998, Beamesderfer
2000).

Coastal Oregon

Green sturgeon adults are taken in dmost dl of the Oregon coastd estuaries from the
Chetco River to Nehadem Bay (EPIC et d. 2001). During white sturgeon tagging projectsin
Coos Bay (Coos River), Winchester Bay (Umpqua River), Yaguina Bay (Y aguina River), and
Tillamook Bay (Tillamook River) green sturgeon were incidently tagged. No green sturgeon tag
recoveries have been reported (ODFW 2002).



Columbia River System

The Columbia River system has supported alarge white sturgeon fishery for many years.
Green sturgeon bycatch from this fishery ranges from 1,000s of fish in the 1980s to 100s of fish
in recent years (Beamesderfer 2000). In the mid 1930s before Bonneville Dam, green sturgeon
were found up to the Cascade Rapids. Today green sturgeon are found up river to the Bonneville
Dam (rkm 235), but are predominately found in the lower 60 rkm. Tagging studies indicate a
subgtantial exchange of Columbia River and Willapa Bay fish (WDFW 200243).

Willapa Bay

Willapa Bay, dong with the Columbia River and Grays Harbor, is one of the estuaries
where green sturgeon concentrate in summer. Generdly, green sturgeon are more abundant than
white sturgeon here (Emmett et d. 1991). Catches have declined from 3,000-4,000 fish per year
in the 1960s to few or none in recent years (WDFW 2002a). Much of thisis probably due to
reduced size limits and seasond and area closures.

Grays Harbor

Grays Harbor is the northern most estuary with green sturgeon summer concentrations
and there are both atribal and commercia fisheries which land around 500 fish per year. There
are no records of juveniles from Grays Harbor (WDFW 20024).

Coagtd Washington and Puget Sound

Green sturgeon are routindy encountered in the coastal trawl fishery as minor incidentd
catch (WDFW 2002b). Occasiondly, green sturgeon are caught in small coasta bays and
estuaries during tribal salmon fisheries. A few green sturgeon are recovered in Puget Sound as
incidenta harvest (mogtly trawl fisheries). Thereis no commercid fishery targeting sturgeon in
the region.

Canada

Green sturgeon occur in smal numbers dong the western coast of Vancouver Idand
(Houston 1988), and the Skeena River. Higtorically, green sturgeon were not uncommon &t the
mouth of the Fraser River (EPIC et d. 2001). Since the collapse of the Fraser River white
sturgeon fishery, green sturgeon are only taken occasiondly.

Spawning

Green sturgeon are thought to spawn every three to five years (Tracy 1990). Their
gpawning period is March to July, with apesk in mid-April to mid-June (Moyle et . 1992).
Mature males range from 139-199 cm FL and ages 15 to 30 years old (Van Eenennaam 2002),
while mature females range from 157-223 cm FL and ages 17 to 40 years old. Mogt of the
gpawning males are 160-170 cm H and 17-18 years old, while most of the spawning females are
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182-192 cm F and 27-28 years old. However, smaler and younger green sturgeon have sexua
differentiated gonads and can be artificidly induced to produce sperm and eggs (Cech et d.
2000).

Green sturgeon spawning occurs in deep pools or Aholesi in large, turbulent river
mainstreams (Moyle et d. 1992). Specific pawning habitat preferences are unclear, but are
likely large cobbles, but can range from clean sand to bedrock. Eggs are likely broadcast over
the large cobble substrate where they settle into the space between the cobbles. Green sturgeon
females produce 60,000-140,000 eggs (Moyle et a. 1992), and they are the largest egg mean
diameter (4.34 mm) of any sturgeon (Cech et d. 2000). The large egg Size provides larger yolk
gores for the nourishment of embryos, resulting in more viable larvee. However, thisis
balanced by alower fecundity. The adhesiveness of green sturgeon eggsis lower than that of
white sturgeon (Deng 2000), and it is possible that the eggs may not attach to the subdtrate after
fertilization, but become trapped in crevices and gravel where development sarts. Temperatures
above 20° C are letha to green sturgeon embryos and temperatures below 11° C or above 19° C
will lead to reduced growth (Cech et a. 2000).

Green sturgeon spawning has only been documented in the Klamath, Sacramento (Moyle
et a. 1992, CDFG 2002) and Rogue (Erickson et a. 2001, Rien et . 2001) rivers during recent
times. The Klamath Basin supports the largest green sturgeon spawning population (Moyle et d.
1992), where the Y urok and Hoopa Triba fisheries catch adults predominatdly in the spring
during the upstream spawning migration, but dso in the fal during the out-migration &fter
gpawning. In the Klamath River, breaching and other sturgeon courtship behaviors have been
observed at the ASturgeon Holef) upstream of Orleans (rkm 96). Larvae and juveniles are caught
in the Big Bar downstream migrant trap (rkm 80) on the Klamath River and in the Willow Creek
trgp (rkm 40) on the Trinity River. Numbers of fish caught pesak at both trgpsin July (Hedey
1973).

In the Sacramento River, green sturgeon spawn in late spring and early summer above
Hamilton City, and perhaps as far upstream as Keswick Dam (CDFG 2002). Green sturgeon
occur in the upper river, particularly around the RBDD, and the opening of the RBDD gates to
improve winter-run chinook passage is believed to have provided substantial increasesin green
sturgeon spawning habitat. The gates were first opened in 1986 and the current regime of being
closed from May 15 to September 15 gtarted in 1992. Juvenile green sturgeon are taken in both
RBDD and GCID traps (see Digtribution).

Green sturgeon spawning has been recently documented in the Rogue River (Erickson et
a. 2001, Rien et d. 2001). Adult fish were radio-tagged in the estuary during May-June 2000.
After release, tagged ripe fish moved up the Rogue River to spawn, while non-reproductive fish
remained close to the tagging site. Spawning fish spent more than sx months in freshwater and
traveled asfar asrkm 39; preferred habitats were low-gradient reaches and off-channel coves.
Home ranges within holding sites were restricted so that relocated individuas were within 2100
x 100 m area and often within a50 x 50 m area. All tagged individuas emigrated from
freshwater during fall and winter when water temperatures fell below 10 C. Juvenile green



sturgeon have been taken in beach seines in the Rogue River estuary from April until the end of
November (Appendix D. Fig. D-1, Rien et d. 2001).

Apparently, green sturgeon no longer spawn in severd former spawning river sysems
(CDFG 2002). Juvenile green sturgeon were captured in the Edl River intrgps at Rio Dell (rkm
20) and Dos Rios (rkm 191) during the period from 1967 to 1970 (Puckett 1976). Single or
small numbers of adult green sturgeon are dso observed periodicaly in the Ed River up until
the present time, and within the last year a Single juvenile was tentatively identified. Smilarly,
green sturgeon are reported to have spawned in the South Fork Trinity River, but spparently no
longer do so due to extensive sedimentation from the 1964 flood (Moyle et d. 1992). The
vaidity of reports of green sturgeon spawning in the Umpqua River isunclear (Lauman et dl.
1972), and the possibility of current spawning activity is being investigated (ODFW 2002).

Early Life Higory

Green sturgeon larvee are different from al other sturgeon because of the absence of a
digtinct svim-up or post-hatching stage (Deng 2000). The larvae are distinguished from white
surgeon by their larger Size, light pigmentation, and size and shape of theyolk sac. Larvee
hatched in the |aboratory are photonegative and exhibit hiding behaviors after the onset of
exogenous feeding. The larvae and juveniles become nocturna (Cech et d. 2000). These may
be adaptions for avoiding downstream displacement and predation.

Green sturgeon larvae are robust and easy to rear in captivity. Five-day-old larvae were
amogt twice as heavy as white sturgeon larvae and optimd larval growth rates occur at
temperatures of 15EC (Cech et d. 2000). Growthisreduced at 11EC and 19EC, and
substantialy reduced at 24EC. Firgt feeding occurs at 10 days post hatch, and metamorphosis to
juvenilesis complete at 45 days. Larvae grow fadt, reaching alength of 66 mm and aweight of
1.8 gin 3 weeks of exogenous feeding. Y oung fish grow to 74 mm 45 days after hatching (Deng
2000). Juveniles averaged 29 mm &t the pesk of occurrence in June-Jduly at the RBDD trap and
36 mm at their peak abundance in July at the GCID trap (Fig. 16). These growth rates are
congstent with rapid juvenile growth to 300 mm in one year, and to over 600 mm within 2-3
yearsfor the Klamath River (Nakamoto et a. 1995). Juveniles appear to spend oneto three
yearsin freshwater before they enter the ocean (Nakamoto et a. 1995).

Ocean Residence

Green sturgeon disperse widdy in the ocean after their out-migration from freshwater
and before thelr return spawning migration into freshwater (Moyle et a. 1992). Tagged fish
from the Sacramento River are primarily captured to the north in coasta and estuarine waters
(Fig 1); of the 15 tagged green sturgeon recaptured outside of San Francisco Bay, 13 were
recovered to the north (CDFG 2002). Tagged fish from the Columbia River aso moved to the
north; of the 28 tag recoveries from the Lower Columbia River, 23 were recovered from north of
the Columbia River (Fig. 1), ranging up into British Columbia (WDFW 20023). Whilethereis
some bias associated with recovery through commercid fishing, the ideaof a northern migration
is aso supported by the large concentrations of green sturgeon entering in the Columbia River
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esuary, Willgpa Bay, and Grays Harbor, pesking in August. These fish tend to be immature,
however mature fish and at least one ripe fish have been found in the lower Columbia River
(WDFW 20029). Genetic evidence may suggest that Columbia River green sturgeon are a
mixture of fish from the Sacramento, Klamath, and Rogue Rivers (Isad et d. 2002). The
reasons for concentrations in Oregon and Washington estuaries during the summer are unknown
asthereisno spawning in theserivers and al stomachs examined to date have been empty
(Beamederfer 2000). Green sturgeon return to the Klamath River beginning at age 15 for maes
and 17 for females.

Age and Growth

Green sturgeon are along-lived, dow-growing species as are dl of the sturgeons
(Nakamoto et d. 1995, Farr et d. 2002). There are three age studies; two from the Columbia
River and one from the Klamath River. The two studies from the Columbia River are from
reading fin-spine sections (Farr et d. 2002) and tag recaptures (Rien 2002a8). The Klamath River
study is from reading fin-spine sections. Ages are read from fin-spine sections, however, there
are severa reasons to be skeptical of the assigned ages. Age estimates are based on alimited
number of individuas and the technique has not been vaidated for green sturgeon. In addition,
there are substantial differences between the different published fin-spine studies (Fig.2).
Findly, white sturgeon age vdidation studies have found this technique to be neither accurate
nor precise (ODFW 2002). The potentid exigts to vaidate growth measurements using captive
fish, but captive fish mogt likely grow a a much higher rate than those in the wild.

Size-at-age is consgently smaller for the Klamath River fish (Nakamoto et d. 1995)
compared to the Oregon fish until around age 25 thereafter the reverseistrue (Fig. 2). This
could be the result of actud differencesin growth, or in aging techniques. The asymptotic
length, L,, for Klamath River fish of 218 cm H is close to the maximum observed size of 230
cm reported by Moyle et d. (1992), but substantially larger than L, for Oregon fish (Femdes
182 cm, Males 168 cm).

Feeding

Little is known about green sturgeon feeding other than generd information. Adults
captured in the Sacramento-San Joaquin delta are benthic feeders on invertebrates including
shrimp, mollusks, amphipods, and even small fish (Houston 1988, Moyle et d. 1992). Juveniles
in the Sacramento River ddtafeed on opossum shrimp, Neomysis mer cedis, and Corophium
amphipods (Radtke 1966). One 100 cm Fl green sturgeon from the Sacramento-San Joaguin
estuary was examined in Fall 2001 and the most common prey were opisthobranch mollusks
(Philline sp.), but there were also one bay shrimp (Crangon sp.) and overbite clams
(Potamocorbula amurensis).
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INFORMATION RELATING TO THE “SPECIES’ QUESTION

Green sturgeon that occur within United States and Canadian waters are a geographically
isolated and geneticaly distinct species.  The species was first described as Acipenser
medirostris by Ayres (1854) from San Francisco Bay. The North American form was
considered conspecific with a previoudy described Asian species Sakhdin sturgeon, A. mikadoi,
and the two forms were synonymized (Berg 1948). More recent molecular data on three
mitochondrid genes show large differences between the North American and Asan forms
(Birstein and DeSalle 1998), and these two forms are now considered separate species.
Morphometric data shows differences between the two forms with the snout of the Asaform
being longer (North et d. In Press). Other morphometric and merigtic data between the two
formsare smilar. Both Green and Sakhdin sturgeon occur in coastal waters and in estuaries.
The only documented Sakhain sturgeon spawning population occurs in the Tumnin River,

Russia, which has a hatchery.

Preliminary green sturgeon population genetic results suggest that fish from the Klamath
River are digtinct from fish from San Pablo Bay (Israel et d. 2002). These dataare from a
preiminary report prepared for consderation of the listing petition, and are not find. Therefore,
the results should be considered suggestive, but not conclusive. Data were analyzed from 66
green sturgeon sampled from the Klamath River in 1998, 46 fish from San Pablo Bay in 2001,
15 from the Rogue River in 2000, and 29 from the Columbia River estuary in 1995. These are
smadl numbers of fish and more samples are available, raising the possibility of different results
when the complete set of samplesisandyzed. Four microsatdlite loci were amplified for
andysis of dlele frequencies, three of these loci were tetrasomic and therefore do not permit
gandard genetic andyss. The Klamath River samples had unique dleles a the Ame 1 locus
(272 bp) and the Ame 12 locus (221 bp) (Figs. 3 and 6). For the Ame 6 locus, the most common
alele for the San Pablo Bay samples was at 240 bp (freq = 0.512), which was rare in the other
samples (Fig 4). Other dldes aso showed lesser degrees of different frequencies (Fig 5).

The preliminary genetic results also suggests that Klamath and Rogue River samples are
samilar to eech other. The dlde frequencies at Ame 1 gppear to be smilar and were most
frequent at 274 bp which was much less frequent in the San Pablo Bay samples (Fig. 3). For
Ame 11 locus, five of the six most common alleles (183 bp, 187 bp, 191 bp, 199 bp, and 207 bp)
arein smilar rank order of frequency, only dlele 195 bp is an exception (Fig. 5). Other loci
appear to bein amilar levels of frequency (Figs. 3, 4, and 6).

The Columbia River samples gppear to be a mixture of other populations (Figs. 3-6 ).
However, unique dleles were found at low frequenciesa Ame 1 (380 bp) and at Ame 11 (171
and 235 bp). Israd et a. (2002) suggests thisindicates spawning populations from some
unknown location; but these aleles may be found from larger samples sizesin known locations,
or they could be an artifact of the differencesin years of collection.
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DISCUSSION AND CONCLUSIONS ON THE “SPECIES’ QUESTION
North American green sturgeon are clearly a species under the ESA. The North
American species, A. medirostris, is clearly a separate species from the western Pecific Tumnin
River population, A. mikadoi, due to the lower chromosome number (Birstein et a. 1993).

Didtinct Population Segments

The BRT concluded that green sturgeon have at least two DPSs; a northern DPS
extending north from and including the Edl River and a southern DPS beginning south of the Edl
River. The only known populationsin the southern DPS would be in the upper Sacramento
River. Thisdecison isbased on: 1) sturgeons generdly show fiddlity to their spawning Sites so
they have a generd paitern of multiple DPSs, and 2) the preliminary genetic evidence indicates
that there are differences at least between the Klamath and San Pablo Bay populations. This
meets the requirement for both discreteness and sgnificance in the DPS policy (USFWS and
NOAA 1996). These population segments may be considered discrete due their being markedly
separated as evidenced by quantitative genetic measures. These population segments may aso
be conddered sgnificant due to differences in their genetic characteristics. The BRT=sdecison
to recognize two DPSs smply means that they were confident of at least those two DPSs, but
there may well be additiona ones identified when more information isavalable. The Ed River
boundary between the two DPSs is somewhat subjective and may be modified when thereis
further evidence.

Sturgeon are known to have strong homing capabilities and this leads to high spawning
stefiddity (Bemisand Kynard 1997). Large numbers of geneticaly separated races or morphs
within species is acommon pattern for the family Acipenseridae (Wirgin et d. 1997). Thetrend
of sturgeon homing to individud riversis so strong that river by river andyssis common in
sturgeon ESA recovery plans. Thisgenerd pattern in sturgeon population genetics led the BRT
to postulate that green sturgeon would have multiple DPSs

Preliminary genetic evidence (Isradl et d. 2002) suggests differences between the
Klamath River and San Pablo Bay green sturgeon, and this evidence plus the generd pattern of
sturgeon population units led the BRT to conclude that there were at least two DPSs. However,
there are severd reasons why the genetic conclusions should be viewed cautioudy. Firgt, sample
gzesare smdl because theresearch isinitsinitia sages. The results will have more authority
when dl the samples are analyzed. Second, there is the problem of green sturgeon summer
concentrations in estuaries. There is no assurance that the green sturgeon samples from San
Pablo Bay are fish that would spawn there. The Klamath River fish were ripe and thusin
pawning condition and are clearly part of that river=s spawning population. The best samples
for thistype of genetic work would be from outmigranting juveniles which are known to be part
of the spawning population. Findly, it is unclear why the Klamath River fish had unique dldes.
If thisis the largest spawning population, then logically Columbia River fish should be
predominantly fish derived from the Klamath River spawning population plus afewer number of
fish from the Sacramento River. The mogt likely explanation is that Columbia River sample
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sizes were not sufficient to detect al the dleles from the Klamath River. A fully developed
genetic study isthe most urgent need for green sturgeon conservation.

ASSESSMENT OF EXTINCTION RISK

Harvest

Green sturgeon harvest is dl bycatch in two fisheries. The smdler portion of the bycatch
results from the Klamath Triba and other Triba salmon gill-net fisheries. Thelarger portion is
bycatch from white sturgeon commercid and sport fisheries. Large commercid fisheries
developed in the late 1800's for previoudy unexploited white sturgeon, and these fisheries
collapsed because fishing mortality far exceeded sustainability (Gabreath 1985). The excessive
white sturgeon fishing mortaity must have caused an accompanying decline in green sturgeon,
however the degree of green sturgeon decline is uncertain. One argument is that the green
sturgeon decline was much less than for white sturgeon because green sturgeon reside for
extended periods in the marine environment and therefore are less available to the fishery.

Thetotal average annud harvest of green sturgeon declined subgtantialy to 1,218 fishin
1999-2001 from 6,466 in 1985-1989 (Table 1). Mot of the harvest has been taken in the
Columbia River (51%) and Washington coasta fisheries (28%). Therest of the harvest came
largely from the Oregon fishery (8%) and the Cdifornia Tribd fishery (8%). In recent years,
Columbia River and Washington coasta fisheries have been subgtantialy reduced, and in 2001,
Columbia River and Klamath Tribd fisheries were approximately equa in numbers of fish
taken.

Columbia River green sturgeon harvest has accounted for more than haf of the total
harvest for the period from 1985 to 2001 (Table 1), but the harvest has been declining in recent
years. Columbia River harvest prior to 1985 was larger than current catches (Fig. 7). Much of
the harvest reduction in recent yearsis due to increasingly restrictive Columbia River fishing
regulations (Appendix 1). Both white and green sturgeon have been co-managed by the states of
Washington and Oregon since the federaly mandated Columbia River Compact (1918). The
Columbia River fishery is currently managed through a joint Washington and Oregon accord to
manage white sturgeon. Probably the most important regulation was the introduction of dot
limits starting in 1950 for both the sport and commercid fishery. For the sport fishery, the dot
limits currently prohibit retention of fish less than 42 inches and greater than 60 inches for both
green and white sturgeon and 48-66 inches for green surgeon in the commercid fishery.
Average length of Columbia River commercidly-caught green sturgeon has been increasing
snce 1990 (Fig. 8), and the largest average sizes have beenin the last five years. Fish inthe
larger length classes have been an increasing proportion of the catch.  Although the sample sizes
are smdl, the data are suggestive of a strong year-class moving through the fishery.

Washington state has the next largest green sturgeon harvest (Table 1). Overdl,
Washington state harvest accounted for 31% over the period 1985 to 2001, and that percentage
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has declined in recent years. The largest component of the commercid fishery has been Willapa
Bay followed by Grays Harbor. There gppearsto be agenera decline in green sturgeon landings
relative to the total (green and white) sturgeon effort (deliveries or trips) even after accounting

for decline due to reduced seasons, size and gear restrictions, and fleet reduction (WDFW
20024).

Oregon commercia and sport fisheries accounted for about 9% of the green sturgeon
harvest (Table 1), with gpproximately equd portions of sport and commercid. Harvest has
declined subgtantidly in the last few years. ODFW chartered atrawler with expertise in green
sturgeon ocean fisheries and found that the change of the commercid upper dot limit from 72 to
66 inches reduced landed poundage by one-haf (King 2000).

The Cdlifornia Klamath Triba fishery has aso accounted for approximately 7% of green
sturgeon harvest (Table 1). Thisfishery is especidly important because the Klamath is thought
to have most of the green sturgeon spawning population. Harvest averaged 266 fish annudly
with no apparent trend from 1985 to 2001 (Fig. 9). There was one extremely high catch in 1981
of 810 fish. Thisfollowed ayear in which alarge amount of poaching was reported. Green
sturgeon catch isincidentd to the chinook gill-net fishery by the Y urok and Hoopa Tribes on the
lower portions of the Klamath and Trinity Rivers. The green sturgeon catch is monitored but
there is no direct regulation of the fishery for green surgeon. The portion of green sturgeon over
175 cm TL remained unchanged from 1984 until 2001 (Fig. 10). Larger fish areincreasing in
proportion to the total catch in recent years.

Cdifornia sport catch of green sturgeon, primarily in San Pablo Bay, is not monitored,
but is thought to be only afew fish each year (CDFG 2002). Thereis no differentiation between
green and white sturgeon in the regulations and the current dot limits are 117 cm to 183 cm (46
to 72 inches).

It is difficult to evauate the impact of harvest on green sturgeon. No estimates of fishing
mortality or exploitation rates exist for green sturgeon, athough Beamesderfer and Webb (2002)
examined preiminary age data for the Klamath River and suggested that annud surviva was
about 85%. Secor et al. (2002) note that sturgeon populations can be harvested on a sustainable
basis, but only if sufficient spawner escgpement ismaintained. They suggest that sturgeon
populaions typicaly cannot tolerate more than 5% fishing mortdity during spawning runs.

Similar rates of annud surviva (S) have been assumed in population models for adult Gulf
sturgeon in the Suwannee River, Forida (S=0.84, maximum age 25; Pine et d. 2001) and age-1+
shortnose sturgeon (S=0.865, max age 37; Gross et d. 2002). Higher surviva rates were
assumed in models for Hudson River Atlantic sturgeon (S=0.93, max age 60; Gross et d. 2002)
and lower Columbia River white sturgeon (S=0.91, max age 100; Gross et d. 2002). Fishing
mortaity rates for green sturgeon would be affected by severd dot limit regulations that mostly
confine harvest to subadults. In terms of population impacts, however, it isworth noting that
sturgeon populations can be substantialy affected by harvest of subadults, because of the long
interva prior to maturity (Gross et a. 2002; Secor et d. 2002).
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One way to judge the impact of fishing is to examine age structure and consider how
many opportunities an adult sturgeon would have to spawn. Thisis particularly critica for
sturgeon species, given that strong year classes occur infrequently and adults may only spawn
every 3-5 years. Based on preiminary age data (Beamesderfer and Webb 2002), female green
sturgeon in 1999-2000 Klamath River catches ranged in age from 17 to 33 athough most were
25-31. Using the Beamesderfer and Webb (2002) femae maturity of age 20 and their 5 year
spawning periodicity, most femae green sturgeon would only spawn twice. In comparison, a
restoration god for Atlantic sturgeon (NMFS 1998) isto have at least 20 adult age classesin the
gpawning stock prior to any condderation of lifting the current harvest moratorium.

Population Abundance

The only non-harvest green sturgeon population estimate is made incidentaly to the
monitoring of white sturgeon in San Pablo Bay (CDFG 2002). Legd-size green sturgeon
population abundance shows no long-term trend with an upturn in 2001 (Fig. 11, Table 2).
These estimates are calculated from a multiple-census or Peterson mark-recapture estimate of
legal-sze white sturgeon taken by trammel nets. Tagging experiments have been conducted
irregularly since 1954, but since 1990, tagging has been conducted for two years consecutively
and then the next two are skipped. Over this period, atota of 536 green sturgeon were captured
and 233 were tagged. The green sturgeon estimate is obtained by multiplying the ratio of lega-
sze (earlier minimum dot limits of 102 cm) green sturgeon to legd-sze white sturgeon caught
in the tagging program by the legal-size white sturgeon population estimate. There are a number
of problems with this estimate; the most important being the assumption of equa vulnerability of
both speciesto the gear. That green sturgeon concentrate in estuaries only during summer as
opposed to white sturgeon which remain in estuaries year around, means that the tempord and
gpatid vulnerabilities of the two species are different. It isinteresting to note that no tagged
green sturgeon have been recaptured in trammel nets. The lega-Size green sturgeon to white
sturgeon ratios (only sturgeon of lega size, $102 cm, are tagged) shows no apparent trend over
time but both increased in 2001 (Table 2). The $102 cm size class numbers and ratio in 2001 are
the highest of any year. The sublegd size green to white sturgeon ratios are consstently larger
than the legd-sizeratios (11 of 13 years, Table 2) meaning that there are more smal green
sturgeon relative to white sturgeon than when they are larger. Average size of green sturgeon
tagged has no gpparent trend (Fig. 12), but sample szes are very small.

Musick et d. (2000) state that green sturgeon has suffered Aan 88% decline in most of
their rangel Further eaboration of this statement was obtained from D. Ha, one of the authors:
AThe abundance of dl west coast surgeons, including green, suffered gpproximately an 88%
declinein Cdifornia, inferred from commercid caich rates (Cech 1992).0 The only Satidticsin
the Cech (1992) article are the reduction of dl commercia sturgeon landed (white and green, but
primarily white) from 1.63 million poundsin 1887 to 0.2 million poundsin 1901 which isan
88% reduction. If these statistics are the basis of the 88% decline reported in Musick et d.
(2000), these 100 year-old data have no relevance to current status of green sturgeon.
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Juvenile Abundance

Juvenile green sturgeon are taken from two sites on the Sacramento River by trapping.
Rotary screw trapping was conducted below RBDD (rkm 391) from July 1995 through July
2000. At the GCID (rkm 330), afyke net was used for sampling only during June-August before
1991. In 1991 and after, arotary screw trap was used to sample year-around, although no
sampling was done 1998. All juvenile sturgeons are assumed to be green sturgeon based upon
grow-out experiments described earlier.

The annud catch of juvenile green sturgeon in the traps ranges from 0 to 2,068 with no
smilarity between RBDD and GCID (Fig. 13) nor any trends through time. The seasond trend
shows a pesk between June and July & RBDD and a July pesk a GCID (Fig.14). Juvenile
gppearance dartsin May and endsin Augus. Fish caught after August are largely from the
GCID trap and included four to five adults and smilar numbers of juveniles. Average monthly
Sze does not change through the season, but is aways greater at the GCID than a the RBDD
(Fig. 15).

Population Time Series

Three green sturgeon population time series were sdlected for analysis by the BRT
because of their length, their relative lack of bias, and their geographica importance. These
were the Klamath Y urok Triba fishery catch-per-unit-effort (CPUE) series, the San Pablo Bay
edimate based on white sturgeon tagging, and Columbia River commercid landings. All green
sturgeon population time series are fisheries-dependent or derived from sampling that targeted
other species. Theraw catch time series suffers from changing regulations and effort levels.
Als0, green sturgeon are not an abundant species, and therefore the numbers are smal and
variable with alarge number of zero observations. Smple linear regressions were caculated for
each time series providing a dope with a sandard error and confidence intervas.

The Klamath Y urok Triba fishery catch and CPUE are the most consistent green
sturgeon data sets. Catch and CPUE data are available since 1984 and it isthe time series least
impacted by changesin regulations. Anayses were performed on log.-transformed catch and
CPUE from April and May. Thistime period was consdered to be the most representetive of the
numbers of green sturgeon in theriver. The log.-transformed catch had an increasing dope (7 =
0.115, dope = 0.031, SE of dope=0.021, p=0.168, Fig. 16), but was only significant at 0.168
probability level. The regression andysis for CPUE showed no significant trend (r* = 0.019,
dope = -0.0008, SE of dope= 0.0014, p = 0.591, Figure 17) and was aso not significant. Log,
transformed catch and CPUE were not well correlated (> = 0.402, p=0.098). Length-frequency
data over this time period showed no trends (Fig 10).

The San Pablo Bay green sturgeon population estimate is the only research oriented
measure of abundance; however it depends on tag recoveries from the sport fishery and therefore
suffers from varying levels of recovery effort. The regresson analysis of green sturgeon
abundance suggested an increasing trend, but again the dope was not significant (r> = 0.146,
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dope = 0.029, SE of dope = 0.020, p = 0.177, Fig. 18) even with the very high 2001 estimate of
8,421 fish which is nearly three-fold higher than any previous annud estimate.

The Columbia River commercid landing is the longest green sturgeon time-series
available and represents the largest source of removals from the population (Fig 7). Landings
were recorded in pounds in early years, but catch in numbers were estimated by ODFW. Fishery
regulaions dragticaly changed in 1993, so the analysis was only conducted until 1992. Ceatchin
numbersis not only affected by effort and size regulations, but so by the degree to which green
sturgeon concentrate in estuaries during the summer which is controlled by unknown factors.
The regression anaysis of log.-transformed catch in numbers on years did not have a sgnificant
dope (r* = 0.082, dope = 0.020, SD of dope=0.012, p=0.188, Fig 19). Length-frequency
distribution of catch from 1985 to 2001 shows no trend (Fig. 8). Rien (2002b) anayzed Lower
Columbia River commercid CPUE (log (green sturgeon landing+1)/total sturgeon daily landing
tickets)) over the same 1981-1993 time period and found a significant positive trend (r>=0.083,
slope=0.022, p<0.0001).

Entrainment

Substantia numbers of green sturgeon have been taken in pumping operations at state
and federd water export facilities in the Sacramento Délta (Table 3), and these numbers are
higher in the period prior to 1986 than from 1986 to the present. For the state facility (1968
2001), the average number of green sturgeon taken per year prior to 1986 was 732; while from
1986 on the average number was 47. For the federd facility (1980-2001), the average number
prior to 1986 was 889; while from 1986 on, the average was 32. In 1974, 7,313 green sturgeon
were taken at the sate facility, and this was d so the year when the highest ratio of sublegasto
legal-sze green sturgeon retio (1.661) was found in the San Pablo Bay trammel net sampling
(Table 2). However, it should be noted that the green sturgeon taken in the trammel nets are
sgnificantly larger (70 cm vs 40 cm) than are those taken a the pumps.  When the data are
adjusted for volume of water pumped (per 1,000 acre-feet), trends were smilar. Green sturgeon
taken in both water export facilities are juvenile fish in the 28 to 38 cm FL sizerange (Fig. 20),
based on avery limited data (n = 86 and 41). These entrainment estimates suffer from problems
of gpeciesidentification (green sturgeon were not identified until 1981 a the federd facility),
and the estimates are expanded catches from brief sampling periods (CDFG 2002).
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DISCUSSION AND CONCLUSION ON EXTINCTION RISK

The ESA (section 3) defines the term “ endangered species’ as“any specieswhichisin
danger of extinction throughout al or a significant portion of itsrange” The term “threatened
gpecies’ isdefined as“any specieswhich islikely to become an endangered species within the
foreseeable future throughout al or asignificant portion of itsrange.” The determination of
whether a speciesis threatened or endangered under the ESA should be made on the basis of the
best scientific and commercid information available regarding its current status, after taking into
consderation conservation measures that are proposed or in place. Thisreview isthe
condderation of the scientific data and conservation measures will be included in the find listing
decison.

Green sturgeon do not have adequate population abundance or trend data to assess their
population status. Dueto this, the potentia threats from risk factors to the populations take on
greater consderation under the assumption that a population facing a grester amount of threat
has alarger risk of extinction than one that faces a smdler amount of threat. In fact, the lack of
population trend information itself is asgnificant potentid threat due to the resulting uncertainty
about the proper listing status. The BRT concluded that an immediate effort toward population
monitoring was essentid, with perhaps out-migrant trapping being the best approach. In
addition, green sturgeon are harvested from amixture of both DPSs. Sinceiit is unknown to
what extent either DPS is part of Columbia River and Washington Coast summer concentrations
and their associated fisheries, it isimpossible to differentiate the harvest impact between the two
DPSs.

Northern Green Sturgeon Digtinct Population Segment

A mgority of the BRT concluded thet there is not sufficient information that shows green
gurgeon in this DPS are in danger of extinction or would be likely to become so in the
foreseegble future. A minority of the BRT concluded that green sturgeon in this DPS are not
currently in danger of extinction but are likely to become so in the foreseegble future. The BRT
fdt that green sturgeon in this DPS faced sgnificant thrests to their population and they should
be placed on the Candidates list and their status reviewed within five years.

Northern green sturgeon population information from this DPS showed no negetive
trends, but aso these trends were not statisticaly sgnificant. The BRT judged the Klamath
River datato be the most representative available population measure since the data were based
on spawning fish rather than on fish involved in their summer concentration behavior. Both
catch and CPUE did not have a negative dope, but neither trend was significant. The length data
did not indicate thet large fish were decreasing within the population, but sample sizes were very
smdl.

Green sturgeon populationsin this DPS face alarge number of potentid threats including
vulnerability due to concentration of spawning, lack of population data, harvest concerns, and
loss of spawning habitat. The Klameath is thought to contain most of the tota spawning
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population of green sturgeon; however, thisis not well documented. This concentration of the
spawning population increases this species vulnerability to possible catastrophic events. Lack
of population data left the BRT unable to determine the status of this species, and this Stuation
raised concerns about how close green sturgeon populations are to critica thresholds. The BRT
could find no way to assess the harvest impacts on green sturgeon. The dightly positive non-
ggnificant trend in Columbia River commercid landings and CPUE were impossible to interpret
in the context of the non-targeted fishery interacting with green sturgeorrs summer concentration
behavior. Population trends cannot be evaduated reliably until much more is known about the
summer concentrations within coagtd rivers and estuaries in terms of population structure (i.e.,
the mixture of populations or DPSs) and impacts of harvest. Findly, green sturgeon has faced
loss of spawning habitat in the South Fork Trinity River.

Southern Green Sturgeon Digtinct Population Segment

A mgority of the BRT concluded that thereis not sufficient information that shows green
surgeon in this DPS are in danger of extinction or would be likely to become so in the
foreseegble future. However, the level of concern about green sturgeon in this DPS is higher
than in the northern DPS. A minority of the BRT concluded that green sturgeon in this DPS are
not in danger of extinction but are likely to become so in the foreseegble future. The BRT
unanimoudy fdt that green sturgeon in this DPS faced significant threet to their population.

There should be some attempt to address these thregts, particularly to begin population trend
monitoring, and green sturgeon in this DPS should be placed on the Candidates list and their
datus reviewed within five years.

The southern green sturgeon DPS population trend information was even less definitive,
and less convincing. The San Pablo Bay population estimates had a non-negative trend, but
were not gatigicaly sgnificant. The usefulness of these estimates was reduced because they are
based on the green sturgeon’s summer concentrations, a phenomenawhich is not understood,
and the unknown tag recovery effort used in the estimate. The year 2001 did have the largest
number of legal-sized green sturgeon tagged of any year.

Green sturgeon populationsin this DPS face an even larger number of potential thrests
than the northern DPS including vulnerahility due to concentration of spawning, smaler
population size, lack of population data, potentidly growth-limiting and lethd temperatures
tolerances, harvest concerns, loss of spawning habitat, entrainment by water projects, and
influence of toxic material and exotic species. In the southern DPS, spawning appears to be
concentrated in the upper Sacramento River above RBDD. Catastrophic events have occurred in
this DPS such as alarge-scae herbicide spill which killed everything in aten-mile stretch of
river. Populaion Szes are unknown in this DPS, but are clearly much smdler thanin the
northern one and therefore more susceptible to catastrophic events. In this DPS, the total lack of
population trend information is again arisk factor. Larva green sturgeon have been shown to
have growth-limiting and lethd limits near the upper levels of summer temperaturesin this
drainage. Temperature control efforts for winter-run chinook have probably been very beneficia
here. Harvest concerns are the same for this DPS as they are for the northern one. Green
sturgeon have probably lost an unknown amount of spawning habitat behind water projectsin
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the Central Valey. More recently, they have had increased access to spawning grounds above
RBDD beginning in 1986 which may have substantially increased their recent total spawning
area. Green surgeon in this DPS dso face entrainment in pumps associated with the Cdlifornia
Water Project. The entrainment numbers have decreased since 1985 for unknown reasons.
Findly, green surgeon in this DPS are probably subject to risks from pesticides and exotic
speciesthat are smilar to those being investigated for winter-run chinook.
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Appendix 1. Table1. Lower Columbia River Commercia Fishery Regulations. (WDFW

2002a,b)
Y ear SizeLimits Other Rules
1899 4'min. Chinese gang lines prohibited (snagging
Hlines).
1899-1908 | " Sturgeon sales closed.
1909 Sturgeon sales dlowed during sdlmon seasons.
1938 " " Beacon Rock-Bonneville Dam sanctuary
established.
1950 48'min.-72" max
1968 " " Zone 6 became exclusive treaty Indian fishery.
1975-1982 | " " Setline seasons alowed outside of salmon
Seasons.
1983-1985 | " " Setline seasons phased out.
1983-1988 | " " Target sturgeon gill-net seasons (in-lieu of
Slines).
1989 " " Target sturgeon gill-net seasons eiminated.
1990-1992 | " " 9-1/4" max. mesh redriction in late fdl
sdmon seasons.
1991 " " WA --adopted 2 |bs lead/fathom of leadline
rule.
1992 " " WA --adopted 60" max. length for fal seasons.
1993 48" min.-66" max. 9-1/4" max. mesh adopted as permanent rule,
sturgeon saes closed during last 2
weeks of fdl salmon season (6,000
catch expectation for 1993 reached).
1994 " " Catch celling of 6,000 for year, sturgeon saes
closed after firgt day of fal sdmon
Season.
1995-1996 | " " Annua catch celling of 8,000 during sdmon
42" min.-66" max. seasons, of which not more than 6,800
(85%) may betaken in fdl fisheries.
1997-1998 | 48" min.-60" max. (whites) | Closed to retention Sept. 1-Dec. 31. Annua
42" min.-66" max. harvest guiddine of 13,460 whites.
(greens) Target sturgeon gillnet dlowed. 9-3/4"
max. mesh adopted.
1999 Annua harvest guiddine of 10,000 whites.
2000 Harvest guideline of 10,000 whites.
2001 Harvest quiddline of 9,100 whites.
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Appendix 1. Table2. Lower Columbia River Sport Fishery Regulations. (WDFW 2002a,b)

Y ear
Pre-1940
1940
1942
1950
1951
1957

1958
1986

1994
1995

1996

1997-1998

1999
2000

2001

Daily Bag Limit
None
Only 3<4'
3<4' and 2 >4

3fish

1<48" and 1 >48"

1fishasof April 1.

1fish

SizeLimits
None

30" min. - 72" max.

36" min. - 72" max.

40" min. - 72" max.

42" min.-66" max.

Other Rules

Cannot remove head or tail in
fidd.

OR--sturgeon tag w/30 annua
limit.

WA--no gaffing.

WA --sturgeon tag w/15 annual
limit.

(Effective Apr. 1).

Single-point barbless hooks.

OR--annud limit 15 and no
gaffing.

WA--60" max. length (effective
Apr. 16, 1992 - Apr. 15,

1993).

WA --Beacon Rock-Bonn. Dam
sanctuary. (Apr.
16-Junelb, 1992).

Annud limit 10.

Closed to retention Sept. 1-Dec.
31

Beacon Rock-Bonn. Dam
sanctuary (closed to boat
angling May and June).

53,840 white harvest guiddine.

40,000 white harvest guideline.

Beacon Rock-Bonn. Dam
sanctuary (closed to boat
angling May 1-duly 15).

Annud limit 10 (WA and OR
combined).
40,000 white harvest guideline.

39,500 white harvest guiddine.
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Appendix 1. Table3. Cdifornia Sport and Commercid Sturgeon Fishing Regulations. The
commercid fishery for dl surgeon has been legidatively closed snce 1917. Cdifornia
regulations are not species specific (CDFG 2002).

1901
1910
1912
1917

1954
1956
1958
1972
1978

1980
1991

1992
1993

1994

2002

Daily Bag Limit
0

1/day
1l/day
1l/day
1/day
1/day

1l/day
1l/day

1l/day
1/day

1/day

1/day

Size Limits

Min. TL 102 cm
Min. TL 122.5cm
Min. TL 102 cm
Min. TL 102 cm
Min. TL 102 cm

Min. TL 102 cm

Min. TL112 cm
Max. TL 183
cm
Min. TL 117 cm

Min. TL117 cm
Max. TL 183
cm
Min. TL117 cm
Max. TL 183
cm
Min. TL117 cm
Max. TL 183
cm

Other Rules

Commercid fishery closed

Commercid fishery reopened

Commercid fishery closed

Legidative closure of sturgeon fishery,
sport and commercial

Sport fishing only Legidatively reopened.

Sport only- no snagging

Sport only- no snagging

No gaffing undersized sturgeon

Closure April 1 through July 15in
Klameth River from the mouth of
the Trinity to and including Ishi
RPishi Fdls. No useof firearmsto
dispatch sturgeon.

Centra San Francisco Bay closure

Sport only- no snagging. Klamath River
closure il gpplies

Sport only- no snagging

All surgeon fishing prohibited in Del
Norte, Humboldt, Siskiyou and
Trinity counties.

From Mendocino County south, green
sturgeon are subject to genera
surgeon angling regulations.

No snagging. No gaffing or firearm usage.
Previous closures of San Francisco
Bay and northern counties till

apply.
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TABLES

Table 1. Harvest of green sturgeon (Numbers) from California, Oregon, and Washington from 1985 to 2001. See footnotes for data sources.

Cdifornia Oregon®
Klamath® ColumbiaRiver WillapaBay
Year SFBay* Yurok  Hoopa Sport Trawl Sport Comm. Comm.  Sport

1985 Few 320 10 726 533 1600 1289
1986 Few 368 30 153 190 407 6000 925
1987 Few 138 20 170 124 228 4900 877
1988 Few 207 20 258 120 141 3300 1598 4
1939 Few 268 30 202 210 84 1700 461
1990 Few 239 20 157 143 86 2200 953
1991 Few 309 11 366 242 2 3190 957
1992 Few 212 3 197 A 73 2160 1002
1993 Few 417 36 293 250 15 2220 290 32
194 Few 293 6 160 154 132 240 268 13
1995 Few 108 6 78 29 21 390 78 8
1996 Few 119 8 210 182 63 610 129 24
1997 Few 296 16 158 400 41 1614 16 4
1998 Few 313 6 103 7 73 894 65 12
1999 Few 193 25 73 21 93 %7 9
2000 Few 162 30 15 12 32 861 224
2001 Few 268 10 17 50 264 106 9
*CDFG 2002
PUSFWS 1994b, Hillemeier 2002
CFarr et al. 2002
“WDFW 2002a,b
°Frank 2002

29

Treaty®

Washington®
Grays Harbor
Comm. Sport

227

626

770

609

870

734

1527

737

542 112
17 25

374 %

137 70

316 105
25 28
0
0 33
0 27

Treaty®

ggggggﬂmwwwoml—\mwm

Trawl

142

Other
Treaty®

67
167
349

B~NG-B>BRRR

Total

5125
9012
7636

4727
6785

4267
1342
1263
1704
3170
1653
1443
1429
783



Table 2. White and green sturgeon numbers caught, ratios and abundance estimates by size limit category from CDFG white sturgeon tagging program. Green sturgeon
abundances are estimated using the white sturgeon abundance and ratios of green to white sturgeon caught in tagging. (Data from CDFG 2002).

$102 cm <102 cm White Green
Year White Green G/IW White Green G/W Abundance Abundance
1954 961 17 0.018 33 8 0.242 11200 198
1967 1612 26 0.016 114700 1850
1968 1080 28 0.026 40000 1037
1974 713 7 0.010 62 103 1.661 20700 203
1979 1368 26 0.019 62 9 0.145 100300 1906
1984 2551 24 0.009 148 7 0.047 117600 1106
1985 2419 19 0.008 68 47 0.691 107800 847
1987 982 6 0.006 42 5 0.119 97800 598
1990 701 15 0.021 273 5 0.018 75600 1618
1991 546 9 0.016 387 2 0.005 72700 1198
1993 534 2 0.004 271 3 0.011 46700 175
1994 593 0 0.000 231 11 0.048
1997 1321 12 0.009 34 2 0.059 141900 1289
1998 1469 7 0.005 55 12 0.218 144400 688
2001 855 60 0.070 87 26 0.299 120000 8421
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Table 3. Green sturgeon numbers and numbers per 1,000 acre-feet of water exported from the State and Federal water
export facilities at the Sacramento Delta. Annual estimates are expansions of brief sampling periods. (Data

from CDFG 2002).
State Facility Federa Facility
Year Numbers Numbers Numbers Numbers
per 1,000 per 1,000
Acre-feet Acre-feet
1968 12 0.0162
1969 0 0
1970 13 0.0254
1971 168 0.2281
1972 122 0.0798
1973 140 0.1112
1974 7313 3.9805
1975 2885 1.2033
1976 240 0.1787
1977 14 0.0168
1978 768 0.3482
1979 423 0.1665
1980 a7 0.0217
1981 411 0.1825 274 0.1278
1982 523 0.2005 570 0.2553
1983 1 0.0008 1475 0.653
1984 94 0.043 750 0.2881
1985 3 0.0011 1374 0.4917
1986 0 0 49 0.0189
1987 37 0.0168 91 0.0328
1988 50 0.0188 0 0
1989 0 0 0 0
1990 124 0.0514 0 0
1991 45 0.0265 0 0
1992 50 0.0332 114 0.0963
1993 27 0.0084 12 0.0045
1994 5 0.003 12 0.0068
1995 101 0.0478 60 0.0211
1996 40 0.0123 36 0.0139
1997 19 0.0075 60 0.0239
1998 136 0.0806 24 0.0115
1999 36 0.0133 24 0.0095
2000 30 0.008 0 0
2001 54 0.0233 24 0.0106
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Figure 1. Location of green sturgeon tag recoveries from tagging studies in San Pablo
Bay, Cdlifornia (red, Data from CDFG 2002) and Lower Columbia River (green, Data
from WDFW 2002a).
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Figure 5. Ame 11 Allele Frequencies (from Isradl et d. 2002)
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Figure 7. Columbia River green sturgeon harvest (1,00